A quantitative evaluation of health care system in US, China, and Sweden by Wang, Qixin et al.
1064
HealthMED - Volume 7 / Number 4 / 2013
Journal of Society for development in new net environment in B&H
Ve
rsi
on
 fo
r p
rev
iew
Abstract
This study is mainly aimed at evaluating the 
effectiveness of current health care systems of 
several representative countries and improving 
that of the US. To achieve these goals, a people-
oriented non-linear evaluation model is designed. 
It comprises one major evaluation metric and four 
minor metrics. The major metric is constituted by 
combining possible factors that most significantly 
determine or affect the life expectancy of people in 
this country. The four minor metrics evaluate less 
important aspects of health care systems and are 
subordinate to the major one. The authors rank some 
of the health care systems in the world according to 
the major metric and detect problems in them with 
the help of minor ones. It is concluded that the health 
care system of Sweden scores higher than the US 
and China’s system scores lower than that of the US. 
Especially, the health care system of US lags behind 
a little bit compared with its economic power. At 
last, it is reasonable for the American government 
to optimize the arrangement of funding base on the 
result of goal programming model. 
Key words: Health care system, evaluation.
Introduction
A satisfactory health care system of one country 
is supposed to provide its residents with effective 
health care, so that a majority of citizens can enjoy 
a security and high-quality life, with maximized so-
cial equality and minimized total medical expendi-
ture. The complexity of the health care systems ma-
kes it difficult to evaluating the health care system 
by taking into account only a few factors. 
The considerations of previous research tend to 
emphasize the financial efficiency of health care 
systems. Controlling of the cost has been reported 
as the key factor of this system [1,2]. However, 
health care system is slightly different from finan-
cial system [3,4]. Medical care is a necessity rather 
than a commodity for citizens of a country. The 
quality of medical care of patients is much more 
important than controlling of cost in health care 
system [5]. In health care system, health insurance 
covers most large medical expenses, but there is 
no institution in a financial system would insuran-
ce the high consumption. Thus, we developed a 
people-oriented comprehensive evaluation system 
and pay more attention to make sure quality of he-
alth care of people. In this evaluation system, the 
quality of health care to the patient has a higher 
priority rather than the financial efficiency.
In addition, previous researchers fail to consider 
the relationship between health care system and 
medical research institution [1-3]. The health care 
system is heavily influenced by the development of 
biomedical research. The investment to the medi-
cal research institution can improve the operational 
efficiency of the health care system, discover new 
drugs, revise the therapies, and improve the life qu-
ality of patients. It is no doubt that increase of inves-
tments on medical research has positive impact on 
health care system in developed country. However, 
for a developing country, it seems reasonable to pay 
more attention on other part of health care system 
such as development medical insurance system, bu-
ilding new hospitals and medical education [6].
Several studies described the qualitative 
analysis of patient satisfactory of health care and 
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government investment to medical system [7, 8]. 
However, since there is a complex non-linear relati-
onship between increase of government investment 
and improvement patient satisfactory of health care 
system[9,10,11], it is hard to optimize the amount 
of investment to current health care system; a qu-
antitative analysis model is highly desired. In this 
study, we are going to conduct a quantitative mo-
del to evaluate the health care system of the United 
States, Sweden, and China. We will also develop a 
goal programming model to evaluate the best go-
vernment funding allocation to health care system.
Definitions and Key Terms
A health care system is the organization and the 
method by which health care is provided.
The potential of health care (Phc) of a country 
shows the power of medical researches and devel-
opment supported by the government at the pres-
ent time. It is positively correlated with the size of 
medical research staff and the quantity of funding 
from the government.  
The health of a citizen is perfectly ensured, 
if his/her income plus aid from the government 
(plus the financial compensation from medical in-
surance system if he/she is covered by it) is large 
enough to prevent and/or cure diseases, ignoring 
the irreversible damage to health that is beyond 
the ability of current medical technology.
The quality index of life represents the relief 
from possible diseases or accidentally physical 
injury based on economic aid offered by medical 
insurance, and a certain quantity of medical re-
sources provided by current health care system, as 
well as scientific potential of medicine realized by 
government-funding researches. This index can 
approximately imply the quality of life. 
The life expectancy represents the average life 
span of a newborn and is an indicator of the over-
all health of the population of a country. 
Practical effect of medical resources is the 
quantity of all categories (medical doctors, nurses, 
beds) of medical aid that is practically distributed 
to each citizen in a country on average.
The medical care resources are divided into 
essential health care and complementary health 
care resources. Complementary care is the kind 
of services that offer holistic benefits that comple-
ment or enhance the health care received from the 
physicians or hospital, and essential health care 
embraces all the other kinds.
The matching degree of a health care system 
in a country measures whether the system is mas-
sive enough to keep up with the development of 
the country. The health of a citizen is perfectly 
ensured, if his/her income plus aid from the gov-
ernment (plus the financial compensation from 
medical insurance system if he/she is covered by 
it) is large enough to prevent and/or cure diseases, 
ignoring the irreversible damage to health that is 
beyond the ability of current medical technology.
The fairness index represents how well a health 
care system distributes its resources to everyone who 
needs it, both rich and poor, urban and rural residents. 
The life index of a nation is a general and com-
prehensive figure that describes how much life of 
high quality is enjoyed by all the citizens in one 
country. It is positively correlated with quality in-
dex of life and average life expectancy.
Universal health care refers to delivery by a com-
bination of public and private systems. In most cases, 
the law says that everyone must have access to health 
care. Germany and Sweden, for example, has uni-
versal coverage, and social insurance plans cover the 
majority of people. Symbols are listed in Table 1.
Assumptions
People around the world have the same suscep-
tibility to diseases, whichever country they are in.
- Medical personnel and scientific researchers 
are all competent for their job.
- The per capita GDP of one country can denote 
how rich and developed the country is.
- Every health care system possesses appro-
ximately equal ability of emergency 
management. 
- Every type of disease occurs to people in all 
countries with the same possibility.
- If a resident is covered by the health care 
insurance, he/she will be able to afford his/
her medical expenditure. 
- The investment into scientific medical 
researches is always effectively used.
- The investment into science researches 
will pay off (be transformed into applied 
technology) 25 years later averagely.
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Model Design
The Major Evaluation Metric
General Analysis  
Since the service object of the health care sys-
tem is people, we perceive that the evaluation met-
ric should reflect how well the length and qual-
ity of people’s life are guaranteed by the system 
through providing health care, which is repre-
sented by a general concept called life index. Then 
we decompose life index into two parts that are 
mutually independent: quality index of life and life 
expectancy, which measure the quality and quan-
tity of residents’ life, respectively. We whereafter 
keep breaking down quality index of life into con-
crete concepts and simple factors. In so doing, the 
evaluation system model is concretized and op-
erationalized, because: 1) life index is quantified 
and hence computable; 2) it is easier to search and 
identify associated sources of data. 
As we attach great emphasis on the practical 
effectiveness of health care systems, the life index 
(Lindex) is the final metric that decides whether a 
health care system is good or not. According to 
our definition, we have:
 index life life
L Q E= × ,  ..................... (1)
where
Qlife is standardized life quality index, and Elife  is the average life expectancy of the population in 
one country. 
Elife of countries in the world, as a basic and use-
ful kind of data, can be easily found from more than 
one reliable sources of information, but Qlife is com-
paratively abstract and complicated to measure. 
Since it is unreasonable to limit Elife  to a fixed range, Lindex is not standardized here.
Obviously, a health care system can help pro-
mote Qlife in many different ways, but we notice 
Table 1. Symbols of evaluation model
Symbols Definitions & Descriptions
indexL Life index 
lifeE Life expectancy
lifeQ Life quality index 
mrP Practical effect of medical resources
eiP Perfect ensurence index
techP The current power of medical technology 
hcP Potential of health care
eR Essential health care resources 
cR Complementary health care resources  
unD Unnecessary degree
neD Necessity degree 
inN Number of residents who are covered by medical insurance
govk The proportion of government reimbursement in medical expense
,med iX One’s medical expenditure which is submitted to Poisson distribution 
,inc iX one’s net income which is submitted to normal probability distribution
eE Average essential expenditure to maintain everyday life
,inc iX one’s income which is submitted to normal probability attribution 
( )sN t Number of medical researchers
( )sM t Quantity of funding going to medical research
t Time delay
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that almost every way is realized through one of 
the following three channels: 
I every country organizes and provides 
health care resources to its citizens;  
II medical insurance and government offer 
economic aid so that the patients have 
access to medical care service; and
III the government invests money into 
medical researches so that we will have 
more advanced medical technology that 
can cure the currently incurable diseases 
and prevent unpredictable diseases in the 
future.   
Using three corresponding variables Pmr, Pei 
and Ptech to measure the effectiveness of the above 
three channels, we find that Qlife is positively cor-related with each one of them. Therefore, it is rea-
sonable to define:
 Qlife=(Pmr + Pei + Ptech)/kq ,  ................... (2)
where
Pmr  is the practical effect of medical resources,
Pei is perfect ensurence index,
Ptech is the current power of medical technology 
(all of them are standardized indexes), and kq is a 
coefficient to standardize Qlife.
To get Qlife, we have to obtain the value of Pmr, 
Pei and Ptech one by one.
Quantify and Calculate Pmr 
Since the medical care resources are divided 
into essential health care and complementary 
health care resources, Pmr should be broken down 
into two corresponding parts: the practical effect 
of essential health care and that of complementary 
health care. Thus, we get
 
3 3
, ,
1 1, , , ,
e i c i
mr
i ie i e i c i c i
R R
P
R k R k= =
= +
+ +∏ ∏
,......... (3)
Where 1R , 2R and 3R  respectively refer to the 
number of medical doctors, nurses and the beds 
in hospitals,
Re is a standardized index that denote the es-
sential health care resources, 
Rc is a standardized index that denote the 
complementary health care resources, 
ke,i and kc,i are empirical coefficients, and the re-lationship among them is expressed by 
, , , ,e i e i c i c iR k R k× = ×
Note that: 
when , 0e iR → , we have 
,
,
, , ,
1e i
e i
e i e i e i
R
R
R k k
→
+
,
which means the practical effect of medical 
resources is decided by the quantity of medical 
resources completely (directly proportional to it);
when ,e iR → ∞ , we get ,
, ,
1e i
e i e i
R
R k
→
+
, 
which means excessive medical resources contrib-
utes little and will cause a great waste;
we multiply the monomial
 
i
i i
R
R k+
(i=1, 2, 3)
because the lack of any one of Ri will bring serious 
difficulty to any health care system. 
Calculate Pei 
The population of one country can be divided 
into two categories: those who are covered by 
medical care insurance (Nin) and those who are not 
(Nun). So the proportion of insured people (Pinsure) 
is given by
 
,in ininsure
in un
N NP
population N N
= =
+
............ (4)
The perfect ensurence index (Pei ) actually mea-
sure how many people have their health well en-
sured through either joining health care insurance 
or paying by their sufficient income. Thus, it is 
reasonable to finally define Pei as
 1 ,ei uninsure
total medical expenditure shortageP P
total medical expenditure
= - ×
 
  ........................................ (5)
which in fact is 
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( ){ }, , ,
, ,
1
,
1
,   
1 ,
                                            
0 ,
                   , (1 )  
(1 )
1 (1 ) ,
(1 )
,
,
un
Au
A
M i inc i M i gov
N
med i gov inc i e A
i
ei insure n
med i gov
i
inc i e
i A
I
i A
A X X X k
X k X E I
P P
X k
X E
=
=
∈
=
∉
= × - >
 × - - - × 
= - - ×
× -



-
∑
∑
          
  ........................................ (6)
where 
kgov is the proportion of government reimburse-ment in medical expense,
Ee is the average essential expenditure to main-
tain everyday life,
Xmed,i is the medical expenditure of someone in the country, which is submitted to Poisson distri-
bution, and
Xinc,i is the net income of someone in the coun-try which is submitted to normal distribution.
Calculate Ptech
The current power of medical technology (Ptech) 
can be well deduced by the potential of health care 
(Phc) years ago, which means Ptech can be estimat-
ed as Phc with a time delay (t), because it takes a 
period of time to transfer scientific investment into 
scientific products. Some scholars believe that 
t=20-30 years and we make it 25 [6] years here. 
Firstly, we calculate Phc based on its definition:
 
( )
( )
( )
( )
s s
hc
N s M s
N t M t
P
k N t k M t
= ×
+ +
 .............. (7)
where
Ns(t) is the number of medical researchers, andMs(t) is the quantity of funding going to medical 
research.
Note that both of the two factors, medical re-
searchers and money, can enhance Phc, but exces-
sive investment (medical researchers and money) 
gives only limited effect to Phc. This truth supports 
our idea to define Phc this way.
Secondly, we incorporate t  into Phc to get Ptech
 
( )
( )
( )
( )
s s
tech
N s M s
N t M t
P
k N t k M t
t t
t t
- -
= ×
+ - + -
 .......... (8)
Medical research plays an important role to im-
prove the math expectation of residents’ life in future.
 Elife=E0+ klt   0life lt hcE E P= × hc   ........................ (9)
where E0, klt are coefficients.
With Eq (1), (2), (3), (4), (6), and (8), Lindex  can 
be expressed by a complicated equation which in-
volves a series of variables. 
Figure 1. The diagram showing the organization 
of evaluation of health care system
Subordinate Metrics 
Potential of Health Care (Phc )
Eq(7) gives the expression of Phc  which is actu-
ally a standardized index that predicts the power 
of medical technology (Ptech) in the future. 
Matching Degree
To get matching degree of each health care 
system, two factors need to be taken into account: 
the how well residents’ health is ensured and how 
wealthy the country is. A rich country has the abi-
lity to maintain a large scale of health care system 
that provide abandon health care resources, whi-
le a developing country can only afford a smaller 
and cheaper one. This fact implies that it is harder 
for a developed country to maintain a matching 
health care system, because the country has to in-
vest more (money, etc) into its health care system. 
Therefore, matching degree is given by 
 ( ) ( )
10 
ln   ln index
Matching Degree
per capita GDP L
=
-  
(10)
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where 
Re is the essential health care resources, 
Rc is the complementary health care resources, 
and
Per capita GDP is per capital Gross Domestic 
Product. 
Fairness Degree
The attribution of medical resources cannot po-
ssibly be absolutely fair. We tend to believe that 
wealthy people have more chance to accept medi-
cal aid then the poor. Here we compare urban pe-
ople with those living in rural areas by measuring 
the quantities of health care resources attributed to 
them respectively. 
 
   
  
rural medical resoucesFairness Degree
urban medical resouces
=  ..(11)
Luxury Degree
Considering some parts of a health care sys-
tem may not play the most essential role or can-
not bring immediate benefits to the residents, we 
define Complementary health care resources and 
potential of health care to be “unnecessary”, while 
essential health care resources and perfect en-
surence index to be “necessary”. Thus, if we con-
tinue to define unnecessity degree (Dun) and neces-
sary degree (Dne) as:
 Dun=Rc+Phc ............................ (12)
 Dne= Re +Pei   ........................... (13)
we will arrive at:
 
 un
ne un
D
Luxury Index
D D
=
+  
 ........... (14)
Revise the spending plan for US
Although the health care system of US ranked 
considerably high in the world, is still far from 
ideal. In this part, we try to revise the previous 
model to optimize the health care system of US 
to give more detailed suggestions, as we realize 
that improving such a complicated system requi-
res further investigation. 
Suppose the government has already given it 
the funding shortage (the health care system of 
U.S. needs extra 300 billion dollars to push its 
matching degree to as high as Sweden’s) and the-
refore the total budget expands, how shall the he-
alth care system spend the extra 300 billion dollars 
wisely? We argue that a wise spending plan should 
maximize the life index. As we have stated above, 
life index is positively correlated with quality in-
dex of life and average life expectancy. However, 
life expectancy varies very slightly as time elapses, 
hence we prescribe that an ideal spending plan is 
the one that maximizes quality index of life. Now 
our aim is to revise the previous model to solve 
this non-linear programming problem. 
We identify nine symbols representing nine 
major expenditures in Table 2:
Table 2.  Symbols representing major expenditures
Symbols Definition
, gov 1F Economic aid to patients
, gov 2F Salary of research staff
, gov 3F Funding to support medical researches
4gov, F Salary of medical doctors in essential medical source  
5gov, F Salary of medical nurses in essential medical source  
6gov, F Equipment in essential medical source  
7gov, F Salary of medical doctors in complementary medical source  
8gov, F Salary of medical nurses in complementary medical source  
9gov, F Equipment in complementary medical source  
The Objective function is
Max Lindex= (Pei + Pmr + Phc) x (E0+ klt   0life lt hcE E P= × hc)/kq
  ...................................... (15)
subject to 
9
,
1
 gov j total
j
F F
=
=∑
   
where                  
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,1
,2 ,3
,2 ,3
3
, 3 , 6
1 , 3 ,1 ,1 , 6 ,1 ,
1 1                        
                             
income
ei uninsure A
med gov
gov gov
hc
N salary gov M gov
gov i gov i
mr
i gov i e e gov i c c
FP P EI
F F
F F
P
k S F k F
F F
P
F n k F n k
+ +
= + +
 
= + - ×  - 
= ×
+ +
= +
+ +∏
3
1 1
            
i=
∏
The process of deduction shown as following:
, ,
1
,
1
, ,
,
, ,
,
( (1 ) )
1
(1 )
(1 ) )
1
(1 )
(1 )
1
(1 )
Au
Au
n
M i gov F i A
i
ei uninsure n
M i gov
i
A Au M i gov Au F i
ei uninsure
Au M i gov
A M i gov F i
ei uninsure
M i gov
e
X k X I
P P
X k
EI n EX k n EX
P P
n EX k
EI EX k EX
P P
EX k
P
=
=
× - - ×
= - ×
× -
 × × × - - × ⇒ = - ×
× × -
 × × - - ⇒ = - ×
× -
⇒
∑
∑
, ,
,
,
,
(1 )
1
(1 )
1 1
(1 )
A M i gov F i
i uninsure
M i gov
F i
ei uninsure A
M i gov
EI EX k EX
P
EX k
EX
P P EI
EX k
 × × - - = - ×
× -
 
⇒ = - × - 
× -  
,1
,1
,1
1 1
(1 )
1
(1 )
1
( )
1
ei uninsure A
gov
med
uninsure A
ei uninsure A
gov
med
Au uninsure A med
ei uninsure A
Au med gov
A
ei uninsure A
uP P EI F
F
uP EIP P EI F
F
n uP EI FP P EI
n F F
nP P EI
λ
λ
λ
 
 
 ⇒ = - -
 - 
 
 
 
 ⇒ = - -
 × - 
 
 ×
⇒ = - - 
× × -  
⇒ = - +
,1
,1
( )
1
( )
u uninsure A med
Au med gov
income uninsure A med
ei uninsure A
Au med gov
med Au
uP EI F
n F F
F P EI FP P EI
n F F
F n
λ
λ
λ
-
⇒ = - +
-
=
,1
1 income uninsure Aei uninsure A
med gov
F P EIP P EI
F F
= - +
-
∴
3 3
, ,
1 1, , , ,
, 3 , 6
3 3
,1 ,1
, 3 , 61 1
,1 ,1
,1 ,1
3 3
, 3 , 6
1 1, 3 ,1 ,1 , 6 ,1 ,1
e i c i
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i ie i e i c i c i
gov i gov i
e c
mr
gov i gov ii i
e c
e c
gov i gov i
mr
i igov i e e gov i c c
R R
P
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n n
P F F
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P
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+ += =
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∏ ∏
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,2
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s s
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N s M s
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salary gov
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gov gov
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N salary gov M gov
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F
S F
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+ +
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,1
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1 1
index ei mr hc lt hc q
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med gov
gov gov
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N salary gov M gov
gov i gov i
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i igov i e e gov i c c
L P P P E k P
FP P EI
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F F
P
k S F k F
F F
P
F n k F n k
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+ +
= =+ +
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  
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
 = ×
+ +

 = +
+ +
∏ ∏
9
,
1
gov j total
j
subject to F F
=

=∑
Results and Discussion
Compare the Effectiveness of Health Care 
Systems
We had the ability to express Qlife with variables 
that are supported by sufficient data. Figure 2 shows 
the scores of America, China and Sweden in Pmr, 
Pei and Ptech. Note that the perfect ensurence index 
of Sweden is 1 (the largest possible value), because, 
the Sweden has a universal health care system that 
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impose medical insurance to every citizen. More-
over, the power of medical science exceeds that of 
Sweden, which, we perceive, is an inevitable result 
of large investment into it in the past several decades. 
Figure 2.  Three countries’ scores of Pmr , Pei  and Ptech 
Figure 3 provides the comparison of life indexes 
of US, China and Sweden. Very clearly, the health 
care system of Sweden is the best among them and 
the system of China lags behind extremely. 
Figure 3.  The current life index of U.S., China 
and Sweden
The analysis of life index of US
Figure 4 shows the life index of US and the 
change of Pmr , Pei  and Ptech from 1990 to 2008; all 
of the four variables were roughly increasing except 
for a bit of ramp-down at the end of the 20th century. 
The perfect insurance index fluctuates with 
time, but the general trend is rising, presumably 
pushed by the development of domestic economy. 
Since the year 1992, the index rose but dropped 
Figure 4.  The history trend of life index, Pmr , Pei  and Ptech of US 
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drastically in 1998, [14] which is a rather puzzling 
phenomenon. If we take a look back on history of 
America, we will find that in the 1993, President 
Clinton issued a new policy about medical insur-
ance aiming at popularizing medical insurance so 
that every citizen is covered[16]; in 1998, [15] he 
declared that this policy was suddenly ceased be-
cause of some reason. The data coincide with his-
toric changes amazingly. 
Figure 5.  Revised spending plan of US by greedy 
algorithm
Analyses of Subordinate Metrics
With the most general metric life index, we are 
able to evaluate and rank the health care systems 
in the world (e.g. the health care system of US is 
better than that of China but not as good as that of 
Sweden), but a considerable amount of informa-
tion is lost or neglected at the same time, which 
will bring much difficulty in identifying exiting 
limitations and problems with these health care 
systems. In order to crack this, we pick out and re-
arrange some factors to constitute new metrics as 
complementary metrics (potential of health care, 
matching degree, fairness degree, & luxury de-
gree). With the help of these complementary me-
trics, different aspects of one health care system 
can be evaluated and its limitations become de-
tectable and predictable.  
A low matching degree may suggest the ne-
cessity of investing more money into the health 
care system so that its scale can be enlarged, whi-
le a high one implies that the current health care 
system is massive enough considering the limited 
economy scale. Figure 7 implies that the health 
care system of U.S. should be stronger to match 
the massive scale of its economy [9]. If we want 
the matching degree of U.S. to be promoted to 
1.66, the government must invest more money 
into health care system [10]. The matching degree 
implies a slight lack of government investment 
into health care system [11].   
Since it is difficult to obtain all the data to de-
cide their precise quantities, we consider it to be 
feasible to substitute them with numbers of beds 
in hospitals in urban and rural areas [12, 13]. The 
information delivered by Figure 8 is clear: China 
did a very poor job in health care fairness while 
that of US could be better.  
We consider luxury index to be tolerant of 
subtle conceptual ambiguity, because the slight 
lack of preciseness in defining concepts may wea-
ken its competence in give an absolute evaluation, 
but still allows it to serve as a metric to compare 
different health care systems. (Note that the word 
‘unnecessary’ doesn’t mean ‘redundant’.) 
Figure 6.  All the Subordinate metrics
It is never easy to give a complicated system 
properly and a precise evaluation [17], as the result 
is connected with multiple factors that are interwo-
ven with each other [18]. However, if we establish 
a model that based on reasonable assumptions and 
tolerate a certain degree of ambiguity, satisfactory 
result could be achieved [19]. On the other hand, 
limitations of our model also mainly originate 
from the assumptions and ambiguity [20-23]. 
 It is well admitted that few things are perfect 
in the world, whereas we never stop pursuing ideal 
health care systems, even though it takes a lot of 
money, manpower, time and energy to improve, 
because they are our safe guard that relieve our 
fear of diseases [24-31].
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